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Meta-analysis of Gene Expression Profile Under Cold Stress of Arabidopsis

XU Zhaohua', WU Weiren'"

(1 College of Agriculture & Biotechnology, Zhejiang University, Hangzhou 310058, China;
2 College of Crop Sciences, Fujian Agriculture and Forestry University, Fuzhou 350002, China)

Abstract ; Meta-analysis of microarray data from four published cold stress experiments in Arabidopsis
thaliana were performed to detect differentially expressed genes ( DEGs). The results were compared with
those obtained by the separate analyses of the individual experiments. The results showed that most of
those “more reliable” genes, which were detected in two or more experiments, were detectable in the
meta-analysis, whereas merely a quarter of those “less reliable” genes, which were detected only in a
single experiment, were detectable in the meta-analysis. This suggested that meta-analysis was suitable
for detecting “more reliable” DEGs. It was noticeable that 9% of the genes detected by the meta-analy-
sis, among which 6 genes were directly related to the response to cold stress, were not detected by the
separate analyses, indicating that meta-analysis could detect some DEGs neglected by separate analyses.
Gene ontology (GO) and promoter motif analyses suggested that the DEGs detected by the meta-analysis

were indeed closely related to cold response.
Key words: cold stress; microarray; differentially expressed gene ( DEG) ; meta-analysis
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ANAE  BER R AR K i Bk ol 1 R B ()
JE R Z — o i P T AR A (B ) B A
& NIRRT et o™

Gitr 0T (Meta-analysis ) J&— Al 28 SLHY G2 115>
B s 10 vk B RS U R G T ) — B S [ A A
[RIEFE 5 i) L& I 15 SR Al R kA7 20, KA
e L) | I E LA EZE S T o S e i A |
TR IR AT SRR AT,
B AR 2 A PR B 5 R AT AR HE e
AT AREAS IR, (AR AT 45 R IR SR A AL

41k, A REE S R BIE 5 & o 24k
HAETT A 5T, S PR I R AF 5 3 AR A AR SO
SAM HRAFXIR A 4 AR S 56 % 1 100 57 1% i Ak
HUES R BT T 55 0 b, T SAM M 5E 5 4)
T i T AT PR AR R LS B B BEAT T R R.
FEERRW, o5 0 A BERS HE St o A 0 o B 22
AIEER DEG, F-REAG I H — b 5 50 A B0 A 46 00 )
() DEG, R Ge 5 0 B i) S B F 4R it — Ay o).

1 #R5HE

1.1 H#ERiRE

AHE 5T v I 0 A A 2 N A iR GEO
NASCArrays T 245 3, 1045 43 5 43 51y GSE5535
GSE5620 ,GSE5621 . GSE6177 1 NASCARRAY-404.
Hrp, GSE5620 J& GSE5621 [y %t BE R B, Wi 4 A 1
BT R SR AT ST I R s S LR 4 £
IR IT 2 30 A AT O S i I . iX 4 ik
B, & RNA ¥k B AR AR A B35 4. B FOES R #R
& Affymetrix 55 1 AU T B 400, s
22 746 p TR . BRI AR A 1 SRR Y Ak
PHOBD 4 CAHFARE 24 ho¥g 4 A5 b X — 3t
[F] A0 3845 31 7y ik 36 B0 s 9 il 4 44 o D1 D2, D3 FiI
D4. H: b, D1 3k [ GSE5535, D2 3k [ GSE5620 FiI
GSE5621,D3 3k [ GSE6177,D4 3 [§ NASCARRAY-
404. D1 D2 F1 D3 &A1 5 4 5K 8 , X AR AL 2
252 5K DA WAL 6 gk B, X R R Ab LA 3
sk AN IR 2 k0 B (AT P — AR A S T T
K, BAMEHERA — bR (Call) {1 2 2 78 HAS I 5t
i, 400 4 B (Present ) | Il #t ( Marginal ) 6kt 2%
(Absent).
1.2 HIEFLIE

TS R G FHE AR AT Ak B AN O .
S3HT R SE B 2 R I B A, SR S R AT O

. T ) JE ) A R AN B TE 1 AR 75% LA
RS A (BIE DL D2 Al D3 R 3 5kl 3 5k LAk
O, D4 g 5 ke S sk DL B ) i R aA EdE
Call {H 7 Present B, Marginal , JI| 32 %t [ 19 £ P8 44 #5
T RAUSE L 3

ok A 4 BilEedt 18 5K iy Bds & I ok
M — DR E N T 5500, g 0 Dm. H
DNA-chip analyzer ( dChip) BRI G R A
ATE bR E AL AL B AR EAL S P B A L 2 IS
(NI EE A, P R g () AR Y 7 22 D D A
. 22k LA EFfEESS , Call {52l Absent fY %541 1 5
B, AR R R I Ak P
1.3 ZRFEERWKEN

SAM ( Significance analysis of microarrays ) +& H fij
BmAT G bz —, FE T DEG A
Ty R P 2 W 4 A R A R 2 T S T
BRZE AT HEATARL , BEAE v IR A (] R 5 K 4f = T8] 1)
SR ). AT TR ] SAM B 4T DEG A9 A
WM. ZHE T : A Hr X “ Two class un-
paired” ; [ ZPE/KF- FDR B{H 3 0. 01 5 i 2k £ 45
Hi SAM 7 AL 3 5 HA S HOR BUBRIN B
1.4 EFEZ( Gene ontology, GO) Hy 4

R FHET W45 IR 55 2% (19 EasyGO #4345
IR DEG #E47 GO w4504, EIREER (Up-
regulated gene, URG) FI T ¥ 3£ [l ( Down-regulated
gene, DRG) 73R 3. B S HGE SR < AL
PRI S s B2 MK R B P2 (False discov-
ery rate, FDR) KRR, B{E N 0. 015 HoAl 25k
I NINFE =
1.5 BIFEFHSH

FFH— A3 T P 45 19 43 Mt T. . Athena ' Hh g
— MR Analysis suite K734 DEG Ji3 817 B
YER T

2 HERE5SH

2.1 ERREEFERNKRN

225 Jo s v AL BRI %, D1, D2, D3, D4 Al
Dm /3 B8 T 13 214 13 243 13 499 13 218 #il 12
791 AEEN A LA KN DEG (% 1) il i e & 31,
D1.D2 D3 71 D4 rhf i AL AN HAE R i,
1115 L P 2 ) B ) S AR AN IR T 929% . Ui 4 &
AN [RIAC IR A TR B e 22 [R) 7 R R 2 b a2 FU A AR
SE.
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ABFFE 4 A HphiL g B I 21) 10 684 4
DEG, H:F 445 3 816 4~ URG i1 6 868 /> DRG. %%
M7, S 2 7] DEG /%0 4 22 AR K. DEG Y
BT 707 ~ 7719, b URG W) % = 78 483 ~
2 678 ,DRG BB TE 224 ~5 491 (5% 1).

x1 B@MMFEESFIENE DEG
Tab.1 Numbers of DEGs detected in the individual and the

mixed datasets

DEG %t H
URG DRG ¥

G o HPHEH

D1 4(2C +2T) 13 214 483 224 707

D2 4(2C +2T) 13 243 2228 5491 7719
D3 4(2C +2T) 13 499 2678 3715 6393
D4 6(3C+3T) 13 218 1152 2132 3284
Dm  18(9C+9T) 12 791 3134 2983 6117

1)C R maEg, T R m AR,
REA 1 22 A B L RIS 1 i) DEG Fifi 5 1058 5
RS (36 2) . 45 AN RS 2 /Y
DEG, JCig R4 Pk A A B AR AR AR B Y

225 ATLLRE 4 A Boplas s 21 T DEG 432k
24— AT HE” (More reliable) (1) DEG ( f&jFK
mrDEG) , EATT D 2 A8l 2 AN Db S 56 #5 )
25 75— PR R BATIHE” (Less reliable) ) DEG ( &
FRIIDEG) , &1 H Bk 1 A~ ai ke i 1),

G553 M\ Dm 43RG ) 3 134 4~ URG F1
2983 4~ DRG (£ 1). KRESA kil 2] 1) URG
FIDRG LLHA 55 i S FT 22 /> {0 URG (1) 80t &
mrDEG Ht URG ) % %, DRG iy &= LT 5
mrDEG H1AH 2 (5% 2) . S A Ak 2] T 25. 8% 1)
IrDEG, 7 URG Y H B &, b o35 2] 48. 9% (3=
2) . FEG AR E () DEG 45 553 AN JE R %
A AT A R B0 A I 2], I L dE 521 4~ URG FiI
32 4~ DRG, 5 H B 51 9. 0% . L R4 Rz, 5 b
IAMEAMERE AR # = R ] meDEG, 1 HiA fE 4%
AR/ kDEG, H Z REMS & P — LA e
MR EEAG I E] 1) DEG. & T UESE G0 A 43 A A6 s )
DEG By Sk , ARAWF 5 58 & 40 il i 1) DEG #E4 7
THEANR(GO) FJd 2+ 35 747

®2 ZMAEKAE DEGs

Tab.2 Numbers of DEGs simultaneously detected in different analyses A~

R gy Bl i DEG #H UM S %A /TR DEG EASH/ %"
URG DRG BB URG DRG BEL

1 2192 3 695 5 887 1071(48.9) 448(12.1) 1519(25.8)

2 1 624 3173 4797 1542(95.0) 2 503(78.9) 4045(84.3)

3 784 1 389 2173 783(99.9) 1369(98.6) 2 152(99.0)

4 317 132 449 317(100) 132(100) 449(100)

BB 3 816 6 868 10 684 2 613(68.5) 2 951(43.0) 5564(52.1)

1) 485 ¥ 3 H 2 ¥5 45697 DEG b 323 47 DEG ¢4 & & rbss).

2.2 GO 4%

GO £33 3 J5 i N 2 - 4R 177 i3 72 ( Biological
process, BP) 43T 31 fiE ( Molecular function, MF ) £ £
12 43 ( Cellular component, CC ) 1l BP BES L
BEHWHITH DEG 195 B, I LAAS ST 70 Hrit 46
HTE BP b, 5502 5 4% RO N A G GO 45 H
(Term) . K &E 45 20 Bkl (1) URG #1 DRG 4331l 47
GO 73, 45 R W3k 3.

M3 ATV, URG 1E BP Ry s A5 H A 1
NEESGRMHEA K, A 69 DLt TAHESE
TR 4 RIS ES IS WA TRV ME 25T A
PRIFGR G, TR X A 45 S A & B . 5380, A
58 R AR5 S RN iR AR 22 ) AT REA7AE 5 — o
AR SRR AS 6] (14 138 S 2 (B A A AR —
TE A LA

HHEIEOT , REZBAEY A KB ZHR
JERRANREE ST AR R, — 2832 5 3% 15 AL
P 3 DR 2 5 V8 I S A e Y TR R AR
Hr B 7 5 0 Eihia A ok, b A 5 BT A
LA KRS HTE URG W3 E 4R,

SR B g8 A ATk HE 1) 553 > DEG Py
SEE T2 5 &AM R E SOV A R, A
o NHEHEZS % ME RN MK EH:
AT4G013702 72" AT1G31812* | AT5G12250 |
AT3G49910" ATIG17190%~*) AT4G36930*° ') |
XA 3 PR 7 B 6 174 485 L v 0 AT i R I 21
WG G BT vRAN T B3 BT A
2.3 BEhTEES

WA BRI Y DEG [ )58 8h F X 17 T
FEF R AT (R 4). AL 16 N EUFTEX L DEG (1)
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R3 GANHTRNE DEG # GO E&£HH
Tab.3 Gene ontology enrichment in the DEGs identified by meta-analysis

HEHRR GO % JEPIECH |JER R GO 7K HENBH

URG GO 0008150 biological process 3134 URG GO: 0007623 circadian rhythm 15
GO 0050896 response to stimulus 449 GO 0032501 multicellular organismal process 225
GO: 0009628 response to abiotic stimulus 213 GO 0000003 reproduction 10
GO: 0009266 response to temperature stimulus 93 GO 0009987 cellular process 1284
GO: 0009409 response to cold 69 GO. 0051179 localization 105
GO: 0009415 response to water 49 GO: 0022414 reproductive process 124
GO: 0009414 response to water deprivation 47 GO 0008152 metabolic process 1108
GO: 0006970 response to osmotic stress 89 GO: 0032502 developmental process 426
GO: 0006972 hyperosmotic response 15 DRG G0:0008150 biological process 2983
GO: 0009651 response to salt stress 83 G0:0050896 response to stimulus 419
GO: 0009719 response to endogenous stimulus 119 G0:0009628 response to abiotic stimulus 168
GO: 0009725 response to hormone stimulus 112 G0:0009314 response to radiation 75
GO: 0009737 response to abscisic acid stimulus 70 G0:0009416 response to light stimulus 74
GO: 0042221 response to chemical stimulus 261 G0:0009605 response to external stimulus 52
GO: 0010035 response to inorganic substance 102 G0:0009987 cellular process 1 166
GO: 0010038 response to metal ion 98 G0:0051179 localization 64
GO: 0006950 response to stress 266 G0:0008152 metabolic process 1123
GO: 0048511 rhythmic process 15

1) P<0.01.

R4 HASWRNN DEG NEHTFEFEESH

Tab.4 Promoter motif enrichment in DEGs detected by meta-analysis

[CE 0B 352 URGE%IH DRG Bt i FHIEF 51
ABFs binding site motif 147 AtcisDB CACGTGGC
ABRE binding site motif 204 AtcisDB YACGTGGC
ABRE-like binding site motif 749 632 AtcisDB BACGTGKM
ACGTABREMOTIFA20SEM 563 480 PLACE ACGTGKC
CACGTGMOTIF 562 469 PLACE CACGTG
DRE core motif 888 Literature RCCGAC
DREB1A/CBF3 motif 342 Literature RCCGACNT
EveningElement promoter motif 336 AtcisDB AAAATATCT
GADOWNAT 336 PLACE ACGTGTC
GBF1/2/3 BS in ADHI1 72 AtcisDB CCACGTGG
GBOXLERBCS 120 PLACE MCACGTGGC
Ibox promoter motif 1158 AtcicDB GATAAG
LTRE promoter motif 211 AtcisDB ACCGACA
TELO-box promoter motif 356 AtcisDB AAACCCTAA
TGA1 binding site motif 122 AtcisDB TGACGTGG
UPRMOTIFIAT 122 PLACE CCACGTCA
1) P< 10™.
JREh T IX AT 2 E £ KA, URG 1R 3 7 XA X 16 ANFEFPREATT LI Al 3 4. 55 1 4445 3

13 MEF BRI EE,DRG ESIFXEH 6 MEF 37, BI“DRE core motif” . “DREB1A/CBF3 motif”
WIEE S Hd A 3 A3 7E URG Ml DRG )3 A1 LTRE promoter motif”. 3X 3 NFE ¥ 1) 7 51 H#B &
F XA B A 1AL ZOFH], B CCGAC™. HIFFT KM,
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XAMZ P FWAEAE TR B 1Y 32 8 A 3 425 1) A ) ik
DR 3T s

% 2 24 i1 “ ABFs binding site motif” | “ ABRE
binding site motif” | “ ABRE-like binding site motif” |
“ACGTABREMOTIFA20SEM” 1 “ GADOWNAT” 5 /|~
FEFP AU BATTHR R S R I TE IR ( Abscisic acid,
ABA) FUWA RHYHEFF. ABA TEREHI AT 575 i 4k
JHR3E LA R Ao 1) R PR BIR 24 e 4 1 R SR £
57 TR ABA ()5 REZERT 08 Y bt i 2
B, w0 HAME ABA R T8 25 5 i A R v Y
ZLTRAE S X SR ABA LEREYY 1N XA 3
AR R R A SR .

BIHEEGTEFERZN - NH, LA
“CACGTGMOTIF” | “EveningElement promoter motif” |
“GBF1/2/3 BS in ADH1” | “ GBOXLERBCS” | “Ibox
promoter motif” | “ TELO-box promoter motif” | “ TGAI
binding site motif” Fil“ UPRMOTIFIAT” 8 ML 7. iX &
B AR Z B I 4. RN AL 45 0L R T AR N AT
A, HERE R 2 Ve Bt A 2 T i g
YL@ R B 2LfE o Fiehr— 1Mtz
i, Bl — PR F T CRT/DRE” SR A%
WS T LN Fk 1T S RN A
B Z WA —EME . L E 3 HIFsh 1
FEFP A S A ROV 8 A R Y. R —UGIER, 88
GBI DEG & 58 A oG, H a5 /& ]
HER.

3 WieSEn

FEFI I RS AT 25 A b o e, &5 e 2
] DEG fy F IR AR AR, XAt — MR N % 2
HATH e, & 2R B 2 DO i 56w R I 2] 1)
DEG n[ SEME#AFAE S — B FEE R A . G640
WA R H 2R E A TG BRI 5 45
T SEME , R DEG ARSI R 4208 T — 2k T 17
Z . AT R A T, G55 A0 o I 2 4R
1 1 DEG K i mr S k.

PEAN, G5 A AT iR A 21 T 553 A oK Bk s 4y
HrE £ DEG. %I, — N LR E G A 2
SRR A R 22 5 B B T E 7R AR 56 22 1)
(IR AR RN - R 8808] ) RN R 70 1) — 3
PEU SR b R, Bk — B, HAE G
(14 2% BB 35, A T BB GE A  Hr R b e
I, B3R 553 4> DEG, A5 HXT ¥ k38 i SO AS &
RN AHEATE 4 A5 b i 25 5 Rk jd —
Y, BT AREBLGE A A B AR ok, SRk T B A3 BT
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